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EXPERIMENTAL ANALYSIS 
by 
De He Plette* and D. Frederick* 
INTRODUCTION 

& century ago Thomas Tredrold defined engineering es "the art of die 
recting the great scurces of power in nrture for the uce rnd cenvenience 
of men". He recognized then thet engineering wrs still rn rrt even thourh 
it wes based on science. Scientists rnd methemeticir-ns hrve been extra= 
ordinerily productive during the ensuing 100 years and the enrineer hrs 
mede Herculern efforts to apply whet wrs useful of this reserrch to his 
desipne. Put enrinecring to’ry is still very much of en ert, just es it 
wes © century ego. Our tools herve been sharpened, we hrve more of 
them, but the vroblems confronting us are mauy times more complexe 

& century sgo engineers were crlled on to build simple structures 
end mechines, low pressure vessels, end low speed trrnsportstion systems. 
They hed et their disposel elementary principles of mechrnics end a beck 
ground of experience inherited from the crrftse Today they design rigid 
freme structures, vessels ccpeble of withstending 300,000 psi of pressure, 
intricrte mechanisms controlled by electronic devices rnd high speed arte 
eries of trensportrtion.e Wheels once rolled on rreils3; now even those of 
heavy locomotives feirly dance es they speed rlong at 100 mphe True, the 
engineers have e more scientific training in clrssicrl mechenics now, but 
solutions to their problems still require estimates of behrvior of mater-= 
ipls which lie beyond even current scientific reserrche They mst still 


rely on judgment end experiment. 


* Prof. and Heed, Applied Mechanics, Virginia Polytechnic Institute 
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The engineer of tomorrew will nee! to desend even mere heevily than 
his predecesecrs on experimen‘rl enelysis. ‘ccerdine to Felix J. Samelyl, 
we stend todey on the threshcld of prert strectiural revelution which will 
be merked es the time when ecnstructicn changed frem plene te spece, givins 


birth to e new architectrvre. 


“he refinemert and mltipliceticn of cur analyticel end experimental 


tools hrs, in renerrl, resulted frem the lebers of speciplists. *lrestic- 
ians end methemeticirns, fcr example, heve well nich perfected the science 
of elesticity, but even when they heve brsed it on the linerr assumpticne 
cf Hecke's Lrw ard sme’) streins, this erelysis hes prever too difficult 
fcr "exact" scluticns except cn preblems with rrther simple gecmetric 
sheres and beundery cenditicnse The ergineer, i:eenwhile, hes bad tc use 
whet be could of this science by besing his jlesigns on simplified enrly- 
ticel essumptions verified by experiment, end restrictiig the enslysis to 

e twe dimensionel eporcech thet wes sometimes rrther meeninglecse He has 
hed to temper his celculeticns w’th unknewn estimetes of the ncn-linerr be- 
hevior of his meterials, cf the effects of hish speed loed rpplications rrd 
of the thermedynemic effects of such ch nees in pressure on the sclids and 
fluids he 

The "exect" anrlysis of such indeterminrte structures as skewed rigid 
frame bridres cr flrt slab buildinrs becemes most complicated when the 
three dimensicnal equaticns of the theory of elasticity are epnlied, rnd is 
practicelly nopeless of solution when ncn-isotropic or compcsite materials 
such rs reinfcrced ccncrete ere employed. The frct thrt such structvres 
function srfely is not only e tribute to their designers, but s precf thet 


enrineering is still very much of an arte Engineers mey use all of the 
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ecientific principles eveileble and stil! find them inedeouate fcr eny but 
the crudest guides te their judgement. 

Fortunetely, the picture is net es bleck as is painted sbove.e Engine 
eers and scientists, even when working es integreted teems of specirelists, 
mey be unable to calculete precise results fer any but the simplest of 
cases, but they cen elways ccensvlt cne infallible source, the structure 
itself, or e model cf it, when ccmplex problems arise. Here is an inanimate 
device whelly uncensdiais of temperetvre verioticns, differential eaurtions, 
plestic behavior eni trecrics of frilure that semehow is abt. to integrate 
Pll relev-nt vrriebles rrd responi with precisicne 

A vast amount cf reseerch hes alreedy centributel to our kvowlecce of 
the behavior of structures ani’ meteriris, and yet it never seems rdeavate 
for new siturtions or even wholly complete for precise interpretetion of 
oli cnes. Only more research can insure thet better structvres with less- 
er weight retio's will be built. The profession wold benefit immessurebly 
if more engineers were ectively interested in not cnly designing their 
struct) res, but also in determining their acturl response efter construct- 


ion, whenever thet is feasible. ‘s an ex-mple. hundreds of rigid frrme 


bridges have been built, but few hrve been tested, and these incompletely. 


The cost of a thorough reseerch prepram a generation ago might herve saved 
millions cf dollars since in msterials alone for such highwey crossings. 
Desirable es test of full sized structures are, they rre generally 
not feasible for new crertive designs. Hence, engineers have turned to 
models for their enswers.e. Put model test: shovld be followei by tests on 


the new prototypes to determine whet scrle (size) effects, if any, exist. 
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PROTOTYPE TESTING 

The invention of the SRe4 gege and Carlton stressmeter were two of 
the prertest centributions to prototype testing techniques, for their use 
not only made it possible te study structvrel behrvicr at hitherto inacc- 
escible points over long periois of time, but due to dynrmic lords as well, 
The cost of these rnd their evxilirry equipment, end of the mrn hevrs in- 
volved in rny experimentrl investigrtion ere but a minute prrt of the cost 
of e structure. 

Many exemplrs covld be cited to illustrrte their use, but s»vace per- 
mits mention of only e few rether unusual applicrticnse In 1947 the Pureau 
of Reclemation reported2 on the building of e pressure tunnel through rock 
on the Colorrdo=-Pir Thompson project. Instead of designing this reinforced 
concrete condvit to withstrnd the entire hydrostatic pressure, a strain- 
relief technique was employei to determine the residurl stress in the rock. 
fRe4 grees were cemented to the reck wells, strain reedings trken, the core 
drilled out, end e second set of strrin recordings mede. The residual com- 
pressive stress in the rock wes determined in this way and utilized to re- 
duce the reinforcing steel in the tunnel. About 500 tons of steel were 
thus seved out of en estimeted 750 tons for the conventional design. 

Recently a more comprehensive technique? for determining the residual 


stress in rock wes used in the design of a penstock for the hydroelectric 


development of the ‘luminum Compeny of Crnada ut Kemenc, BR. C. Here a 10 


foot diemeter steel sphere wes fabricrted with five internal remote reading 
micrometers for measuring the diametrrl expansion. The entire sphere wes 


buried ina hole tunneled into the mountain of rock, end grouted in place. 


7 
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Ten 3 inch diemeter holes rrdirted cut frem the sphere ebcut 60 feet and 
conteined Crrlson ¢:res grevted in plece in order to mersure the rrdicel 
strains in the rock itself. The sphere wrs subjected tc en internal hy- 
dreulic pressure of 3000 psi end the effective rock modulus determined 
from the test results. 

Similrr previous experience in Norwey and Switzerlrnd hrd employed 
long buried tubes end inaiceted thet ccnsidereble essistrnce may be ex= 
pected from rock in such ceases. 

The foregoing experimental investirrtions on mrterirls in plece, 
though unusurl, were none-the-less ingenious end simplee Tests on actual 
structurrl prototypes rre more familirr. Recent SR-4 strain prre mers- 
urements on f curved steel railway tressle in West Virginir indicated that 
the sefe trein speeds cold be increesel from 15 to 35 mphe As 8 result 
of this simple test better trein schedules were possible, and e saving in 
fuel ctherwise reauired to sccelerrte ell treins brck up to speed was ef= 
fected. 

The dynrmic res»onse of e@ full sized highway bridge4 rnd of steel reil- 
way girder bridges5 to trrffic, the ultrrscnic testing of concrete dams6 
and the site sway due to wind on the Fmpire “trte Puilding’ represent other 
phrses of prototype testing thet hrve contributed to cur knowledge of the 
behavior of full sized structures. 

MODEL ANALYSIS 

When tests «n prototypes are neither possible nor economically justi- 

firble, engineers hrve resorted to en experimentrl analysis of models. Models, 


like their prototypes, respond to their environment but the ccrreletion be- 


tween their response is not rlwrys simplee Fxperiments must be planned 
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crrefully if the resul+s rre to be crpable of preper interpretrtion, for 
molels mey be peometricelly similrr, distorted, or even trrnsfermeid to 
perently different scientific fields by meens of anelogs.e may 
be peometrically sirilrr initirlly, but the displrcements rccompenying 
lording mey be distcrted unless crre is trken in the selection of mrter=- 
irls end lords. ‘ence, it is possible to consider two types distertion ; 
eee thrt due to the initiel reometry of the body, en? th-t due to the dis- 
placements of prrticles of boties reometricrlly similrr initially. 
Consider, for examole, prototyne end molel ccm osed of dif”erent 
isotropic homogeneous, lincerly -lestic meterisls. Tese will be geo- 
metricrlly similer initially if for every point p in the prctotype, there 
exists a point p' in the model, such thrt the vectcrs measured from the 
origin cf the coordinate system ere releted so thrt (op) = (o'p')/ae The 
response of these bolies to strtic loads will foliow the several well known 
lews of lineer elesticity. These equrtions mry be written in scrlar or 
in index notetion rs indicrted in Table I. The reletionship between the 
six comvonents of stress end strrin, and the three of displrecement for the 
model and prototype must be understocd if the results of any test ere to 
be intelligible. 


As en illustrrtive example, consider two geometricrlly similar bodies 


with r scele ratio x; =a 9 where the primed symbols refer to the model 


end the unprimed to the prototype. Both prototype end model will have to 


satisfy the equilibrium equetions (2). Hence: 


Prototype and Moiel 
+ = 0 uj + (A's pt) BY = 0 (5b) 
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Letting uj= pu, end x} = ax, send dividing by the body force, we h-ve 


+ Atp jee 


‘ 
2 + pce’ 
4 By CX; 
Fquating like cce ficients: 


and 


which, efter elimineting rnd a, become 


‘ 
usp u 
(7a) and 


it 


Since Lame's constent dX and = E 


‘ 
cen be shown thet x a = Hence equstions 7 reduce 
to ' 
u, E Us E 
2 
x 
i 


Either side of 8a represents e dimensionless number. These must be equel 


(8b) 


if complete similnrity exists rnd, in addition, Poisson's ratio for the 
model and prototype materiel must be identicrl. (It mey be noted elso 
thrt equetion 7a corresponds to Reyndld's number end ecuetion 7b to 

fp number in fluid mechanics involving the first coefficient of vis- 
cosity.) 


* In equations 6 rnd those which follow, the reperted index i does not imply 
summa tion. 


= 
Bs a” By 
X +p 
Z 
By 
B, (x, ) 
Xx ' 
x? B, (x,)2B 
A 
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Although it is possible to use different materials for the molel end 
protctyve, it is not en easy metter to find two whose vrlues of Poisson's 
ratio are identicel. Generally, it will, therefcre, be best to use the 


seme meterirl end to test it in the same gravitrtional field. Then 


(9) 


This relationship represents © erse of distorted displrcements but is vrlid 
as long as both displrcements ere still smell. 
If different model end prototype maeteriels rere selected whose specific 


weight is B,/Ps = l/c, end if in eddition v'=v, 


(10) 
The same reletionship exists if the bedy forces are small in comparison 
to the applied lords end, hence, can be neglected. The stress retio can 


then be obtrined from eovation 2 rs follows: 


E 


Rebs 5 +2p E 


Similarly, the strain end load retio's are 


(12) and 


(13) 


These relationships ere even simpler if E' = EF. 

It is rdmittedly difficult to find er model meteriel whose specific 
weicht retio is 1/ae ‘when # one dimensional previtaticnel field exists, 
B'. cen be simlrted exectly by plecing the model in a lrrrge centrifuge, 


i 
but this imposes experimental difficulties. In the one dimensional 
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ui (xi)? 2 
E x; EB 
P A E 


grevit-tionel field two of the Bs terms would be zero if the coordinrte axes 
were properly oriented. 

The foregoing reletionships can be developed in part by dimensional 
analysis© but the usual sssumptions of complete similerity in such a deri- 
vetion fails to account for possible distortion of the displec ments; ie. 
the p/a retio. 

ARG® DISPLACFMENTS 

The discussicn above was lim*tted to small linerr displecementse ‘shen 
they ere large the hicher ordered terms of displacement derivetives cannot 
be neglected in their releticnsh‘p to the streins. In rdiition it ern be 
shown thet even for meterirls exhibiting non-linerr stress=strein curves, 


ifc =f and v' = vy, reletionships identicel to equetions 9 to 13 hold. 
IVERTIA &ND TEMP™RATIR™ EFF*CTS 


When the prototype is subjected to accelerating effects or isothermal 
chenfes in temperrture, the equilibrium equrtions (1) mey be written for 


linerrly elestic materirls ess 
2 de ou, = 
+ (A+ p)— + By = p = By (14) 
and Ox; at? 
ée nE 6T = 
+ (d +p) (15) 
The lest terms for inertia and temperature in equations 14 end 15 respect- 


ively mry also be treated as bedy forces. The substitution is especielly 


simple if Ry = O, for these may then be considered in plece of the By terms of 


ecuation &, and should be kept so that By = BY, a, etc., for complete similer- 


* n = coefficient of thermel expension 
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ity. ‘then such is the cese the time ratio t'/t = Va for inertia forces 
end the temperature rrtio is T'/T = n/n'. If such is not the cre, the 


general releticnships rres:onding to equetior Sa become Bt?/ = 


B(tt)2/ o' (xg)? and u,/xinT= uj/x{n'T', ncsumming Fy Vy Py Ny CtCey 


remain constrrte 


MODFL TESTING 


The foregoing discussicn disclosed thrt e model will yield intelligible 
deta, ond thet the results will be most sirnificant if its materi:1 is the 
seme ts thrt used in the prototyne.e This strtement still holds if the be- 
hevior enprorches the ultimete for the nonelinerr crse es long es the mete 
eriel is isotropic, homogenecus rnd ccntinuouse In preetice, however, com= 
plete centinuity is impossible and the existence cf minute discontinuities 
will slter the behrvior of the model mtericl. Some investigetors herve no= 
ticed differences in behrvior beyond the elrstic rence for cencrete steel, 
wherers others herve noticed no differences in aluminume An applicaticn 
using small reinforced concrete medels will illustrete the results obtrined 
in en acturl test at Virginia Polytechnic Institute. 

It wes thourht rdviseble to select some simple stmcturel shrpes 
to test the thecries of medel enrlysis wren mn plied te reinferced concrete. 
Beams were selected ss the simplest cf such shepes, rni three sizes were 
chosen whose scrle wrs Oel, 0.2 rnd 0.3 of the prototyne. Their actual 
lengths were 2, 4 and 6 ft. respectively. Other pertinent dimensions sre 
indiceted in Firure 1. The m-xinum size of limestcne ergreprte vrried 
frem 1/4 inch in the small size, to 1/2 inch in the medium end to 3/4 
inch in the large bern. 


The reinforcing steel wes likewise scrled frem 1/8 to 1/4 to 3/8 
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inch dismeter smooth brrse These were hooked on the ends and rusted to 
provide rreater bond. Type 4-7 ©P-4 prres were attechel to the one up- 
per and to the middle of the three lower bers at the center of the beam 
before th: concrete wrs poured. 

Three beems of eerch size and nine comprnion test cylinders were cast 
of the sene concrete mix simltenecusly. Three of the nine cylinders were 
2" gx 4", three were 4" % x 8", end three were 6" 9 x 12". These seme 
cylinder sizes were used when erch of the beer sizes wes crest so thrt data 
could be accumleted showing the verirticn of the physicel properties of 
the concrete wit’ the size of arrrepete and the size of the cylinders. 

The preperties of steel reinforcing used rre listed in Table II and 
thet of the concrete mix in Table I’7. 


Table TI 


V1ltimete 


Strenrcth Strength Re he Ee (psi) 


€4,°00 psi 121,000 psi 457 30,200 ,000 
42,600 76,000 5206 28,900,000 
42,000 62 676 29,700,000 


Table III 


Size of Perm fmell Medium 
Maxe Size of ‘rere (Ine) 1/2 
Sand Petersburg Petersburg Petersburg 
Proporticns by weirht 
Send 1.9€ 2.08 2039 
Stone 1.27 1.287 1.84 
Cement, 1.00 1.00 1.00 
Veter 0.635 0-635 0.635 
u/e by vele 0.957 0.957 0.957 
Slump (In-) 6-1/4 
Fineness molulus of 
mixed argre 4el3 Leb4 


It should be noted that the consistency end water-cement ratio of rll three 


mixes wes precticrlly identicil, end thet the modulus of elesticity of the 


|_| 
Dieme Yield 
in In. 
1/é 
3/8 
|_| 
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three sizes of reinforcin’ wes essentirlly the srme. Hence, the behevior 
of the berms should be similer within the elastic rrnge. 
MODEL BEAM 

fll berms were tested with avarter=-point losdingse The mexivum lords 
vrried as the souare of the linerr (imensicns, erd were 400, 1600 and 
36CC lb. on the three sizes. Increments of lond, of center deflection, 
and of strrin on the upper end lower SF'=4 prees were rerd on the lording 
end unloeding cycles of twe successive test runs. The test irta referred 
to lster wos, in generrl, obtained frem the seccnd loeding cycle. The 
first loeding wrs thus used meinly as conditioning of the concrete and 
grgese Other investiertors (9) heve also feund such techniques beneficiel, 
especirel’y on concrete. 

All loed-deflection curves rnd load-strrin curves were plotted for the 
nine beams, but are not rerroduced here. In generel, both were curved 
slightly conceve downwerds end exhibited typicel hysteresis effects. The 
results of these tests ere plotted in Figures 2 to 5. Figure 2 shows the 
center deflection of the beam at maximum lord plotted epgainst sre at test, 
with the renge of test values end saverrge values indicrted. Jt wes imposs- 


ible to test ell berms end cylinders exectly on schedule rs wes originally 


plenned. Figure 3 shows the center deflection at meximm load at 60 deys 


vse relative berm size. Perfect correletion with model anelysis would 
require the deflect’ons tc vary directly with the linerr dimension. The 
agreement appears to be quite good, for only the smallest beam frills 
slightly below this theoreticrl relationship. The smeliest berm houvld 
exhibit slightly grerter stiffness since its modulii of elesticity for 


the reinforcing and the concrete were slightly lerger. The beam deflect- 
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. 1 - Dimensions of Model Beams 


ys 


Center Defl. in In. at 
Max, Loadat 60 Da 


a 
4 
2 
Q 
2 
O 


Relative Size 
of Beam & Agg. 


at Max. Load 
Unit Comp. Strain x 10° at 63 Days 


Relative 
of Beam & Agg. 


Fig. 5 


Age in Days 
Fig. 4 


Unit Compressive Strain x 10° 


P 
— A 
1 A-7 Gage 
Small 5. 11.39" 0.24" | 40 | an 
Medium |10.67" | 2.67" 0.48" | 48) 
Large 16" 4" 0.72") 72"; 2" | 
a | 
/ 
0 
Fig. 3 
260 
| 
220 
fold Gages 
200 


ion increrses sliphtly with rre becrure, as vill be shown leter, the mode 


ulus cf elesticity fer the concrete decrersed slirhtly with ree. Retween 


7& dey end subseavent tests, the berms wore stcrei in the dry air of the 


leboratcry. 

The results of compressive strrin en the top reinfcrcing es read on 
the etteched erres rre plotted srrinst ere rt test in Figure 4. The 
rverrere curves rre prretically identicel for the iIrte from the original 
(old) eeges, end only slieht devirticns rre neticeable for the new rrrees 
rt 63 rnd 67 day tests. These new «rges were epolied rfter the 28 dey 
tests because severrl of the criginrl nres were short circuited, es=- 
pecially on the tensile reinforcine. The new rrges were cemented to the 
reinforcing at L/12 from the center cf the berm, after s small hole hed 
been crreful y drilied in the berm 

As wes the crse for the deflection, the compressive strains increrse 
slightly with rege, end this vrrieticn crn agrin be ascribed to the decrease 
in E for the concrete. If rll conditicns were iderl, model theory would 
require thet the streins in be identicel. Figure 4 indicetes 
thet they ere essentially the same rt rny evee This fret is further illus- 
treted in Figure § in which the strein is plotted errinst the relative 
bern sizee It should be noted thet the new prges exhibit slightly more 
strrin then the original embetded p-res. The difference can be attributed 
to the removel of a smrll rmount of concrete "outside" of the reinforcing. 

Althourvh tensile strrins were mersured, this drtr is not plotted in 
Firure 4 because the results were scmewhet scattered and beceuse some of 
the grees were lost by frulty waterproofine. In generrl, however, the 


tensile strains reneged from velues slightly less to valves somewhet prrereter 


- 
224-15 


then those exhibited in compression. The scrtter of the tensile deta is 
understendable when one considers the frct thrt berms were lorded so thet 
the tensile steel wes stressed to sbcut 6800 psi. (or abcut 900 psi in the 
surrounding concrete) and thrt micrcescopic errcks might heve developed on 
the bottom of the beams. Such crecks usually develop at irregular inter- 
vels and the mersured streins in the tensile reinforcing would depend 
largely on the proximity of the SRe4 grges end creckse 

CYLIND'R TESTS 

The 27 cylinders cast as companion specimens to the nine beams were 
tested at 28 dayse One cylinder of each set of three was prepared for 
strein measurements by cementing 3 type 4-G SR-4 strain gages at 1200 
around the circumference prrrllel to the longitudinal axis of the cylinder, 
end type A-9 geges (6" erpe length) eround the circumference. These were 
applied at equal distances from the centrrl height of the cylinder eas 
shown in Figure 6. 

The gages were applied to the cylinders six days before testing. The 
cylinders. and beams hed previously been cured by covering th3m with damp 
cloths while they remained in the molds three days, when they were pleced in 
@ room maintained et 100% R.H. and 78° F. until the nineteenth day. They were 
then placed in a room mrinteined at 50% R.H. end 70° F. until tested. 


All cylinders were loaded in increments and the accompanying streins 


noted on a dial type compressometer whose gage length G was 5/6 of the 


cylinder's height (Fig. 6). Simultaneous streins on the SR=4 gages were 
noted on one of erch rroup of three cyl’nders so prepsred. The secant 
modulii of elasticity et 1000 psi as determined from this date are plotted 
vse cylinder diameter in Figure 7 for the 28 day tests. It should be noted 


the E decreased very slightly rs the diameter increased, and elso decreased 


- 
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3 A-6 Gages at 120° 


of 
Cyl, * 


* 3 cyl. of each size were made for eacn 
of the 3 sizes of agg. 
A-9 Gage(s) 
-6"' Length Fig.6 


From Data on Dial Compressometer” From SR-4 Strain Gage Data 


28 Day Test 66 Day Test 28 Day Test 66 Day Test 


Q 
a 
o 
1 
4 
3 
4 
‘ 
* 


Diam. of Cylinder Diam.of Cylinder Diam. of Cylinder Diamof Cylinder 
in Inches in Inches in Inches in Inches 


Fig. 7 
Slump 52 to 64 In, 
w/C = 0,957 
28 Day Test From SR-4 Utrain Gage Data 
28 Day Test 66 Day Test 


Ult, Comp. Strength x 107? Psi. 
Poisson's Ratio 


2 
Diam. of Cylinder Diam, ofCylinder Diam, of Cylinder 
in Inches in Inches in Inches 


Fig. 8 Fig. 9 
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Slightly with ere. The 6€ dey tests end the 28 dey SR-4 strrin rrge tests 
represent indiviluel tests on sinrle cyliniers, wherers the values of E 
for the 2& day diel tests rre the rverrre of three cylinder testse The 
cyliniers were stored in the (ry rir of the laborrtery after the 2@ dry 
testse 

The ultimrte strenrths were determined frem the twe cyliniers of each 
set of three not prepered with “P-4 --gese These results rre plotted vse 
cevlinder diemeter in Figure 8, sand indicrte r definite decrerse of strength 
es both cvlinder d‘rmeter end meximm size of rerrerete increrse, despite 
the maintenrnze of constent workability rnd weterecenent rrtioe 

Fipure © indic-tes the verirtion of Poisson's retio (-t 1000 psi) with 
cylinier dismeter rnd agrrerrte size et two arese These resvlts were ob- 


trinei from °P-4 strrin cege rerdings on the and ergese They 


essentirlly the seme rs the valves found from earlier tests in whch four 


fe6 prces were mounted prrrllel, rnd fcur 4-6 ceres were mounted perpen=- 
diculer to the longitulinel axis of the cylinder, et 0° intervels. 
DIFCVESIAN AMD COMCILIEIONS OF RES AMD CYLINDER TTS 

The behrvior of the berms, as exhibited in Firures 2 to 4 indicrte 
chet they follow model theory with surprising fidelity, desnite the fact 
thrt some very smell scele models were use’. “rre hrs to be exercised in 
febriceting such smell structures, but it is rpperent thet good drte can 
be obteined. These resvlts, though few in number, seem to jistify the use 
of smell scale models of reinforced concrete in experimentrl enalysis.e If 
future tests on other structures perellel these in fidelity, model analyses 
of concrete structures should prove prrctical in most testing lebcrrtories. 


The decresse of cylinder strength with increese in cylinder diameter 


| 
~ 

ae 
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end apprep-te size mry elicit some surprise, since ell mixes were mede with 
e ecnstent werkrbility and wreterecement ratic.e The results do pera!lel 
the work o” other investigetors such as Gyerro (10), Gonnernen (11), end 
Blenks end ’cNemore (12). Firvre 10 ccmneres the results of these tests 
with those of Sonnermen end Rlenkse In these, the strength cf er 6" g x 12" 


cylinder in rny series wes considered te hrve r reletive velue cf unity. 


The teste reported on in the current VPI preerrm represent the rver-pe of 


two values, wherees those of Gonnermen were brsed on about thirty velues. 
Gonnermen's drtna for the Noe 4 egeregrte eri Plenks for the 3/&" ngrre= 
gete more nearly prrellel the VPI tests. Gyeng 's resvlts on cubes shcwed 
®# relative decrerse of strenrth frem 122 for the 7.C7 cm size to 75.1 for 
e 30 cm size, which is consider-bly grerter thrn the overall cversge for 
cylinders. 

The sipnificrnce of this decrerse ir strenrth with increrse of cylinder 
diameter and rerregete size is rrther prefound. If such e trend is vrlid, 
and if the ageregrte size is mrde proportionrl to the model scrle, con=- 
siderebly werker concrete should be expected in the prototype then in the 
model cylinders mede of identicrl water-cement retio mixese Fven wien 
standerd 6 x 12 cylinders rre vsed for both model and prototype and ident- 
icrl strenths maintseined, it is possible thrt the prototype structure may 
exhibit a lower ultim-te then the model due tc the scrle retio and verin- 
tion in size of arrregrte. This could be checked by lerding the berms 
tested here to the ultimrtee The phenomenon might be vrofitebly explored 
by further tests. 

The elasticity of the concrete as deternined in these tests and in 


those by Blanks rnd McNamerr, however, does not seem to be too sensitive 


ats 
| - 
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to this size effect and so model strvctures should behrve in a manner 
similer to their prototypes within the elastic rrnre. 

The use of SPR-4 grges in determining E on concrete cylinders epperrs 
to parellel thrt determined by compressometers cf longer gege lengths. 
Peettie (13) erme to r similar conclusion, especirlly when the cylinder's 
ends were merely crpvel, end not lubricated. He noticed little varistion 
of longitudinal strrin over the central 20 percent of the cylinier's length 
rerrrdless of the use or leck of lubricent on the ends. 

CONCLUSION 

The foregcing discussion om the theories and techniques of testing 

models end prototypes indicrtes thet experimental work yields conclusive 


results, thrt it is most useful when the structures ere too complex to 


analyze mathemeticelly, and thet considert ble srvings cen be effected in 


the cost cf the prototype. 
The puthors wish to express their gretitude tc the Research Corpor- 
rtion of New York, to the Reinforced Concrete Research Council and to 
the VPI Engineering Experiment Station for supplying funds to crrry on 
the research described in this paper.e They elso wish to acknowledge the 
faithful labors of Richard N. Southworth, reseerch fellow in Applied Mechenics 


at VPI, for his participetion in the testing programe 
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NOMENCLATURE 


Note: Primed symbols refer to the model and unprimed symbols to 
the prototype. 


-- rectanguler cartesian coordinates 
Lame's elastic constants 
Sherring modulii of elrsticity 
displrcements 
Rody forces per unit volume 
cubical dilitations 

-- Laplacian operators 


3 -- Stress components 


' 


£29 Yuy* Yyz* -- Strain components 


-- derivative with respect to x4 
-- Poisson's ratios 

Young's modvlii 

Scele fuctors 

Time 

Temperature 


Linecr coefficient of thermrl exoansion 
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